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Background:  The optimal treatment for functional mitral regurgitation (FMR) has not been established. Combining mitral annuloplasty with 
a papillary muscle sling may promote left ventricular (LV) reverse remodeling and improve valve geometry.
methods:  We evaluated the preoperative and follow-up echocardiograms of 48 patients (males=33, females=15) with FMR who underwent 
minimally invasive mitral valve annuloplasty and concomitant papillary muscle approximation with a 4 mm polytetrafluoroethylene graft, 
placed around the base of the papillary muscles, between October 2011 and September 2014. The MR was graded as 0 (trace/none), 1 
(mild), 2 (moderate), 3 (moderate-severe), or 4 (severe).
results:  The mean age was 63 ± 12 years, and preoperative left ventricular ejection fraction and MR grade were 27% ± 7 and 3.8 ± 
0.4, respectively. The cardiomyopathy was ischemic in 19 (40%) patients and non-ischemic in 29 (60%). The median time to follow-up 
echocardiogram was 1 month (IQR 0-6). There were significant reductions in LV end-diastolic volume index, MR grade, mitral valve tenting 
height and area, anterior mitral leaflet tethering angle, and interpapillary muscle distance, and improved LV sphericity and mitral valve 
coaptation length. Actuarial survival at 2.5 years was 86% (Table).
Patient characteristics
Age (years, mean ± SD) 63 ± 12
Female gender 15 (31%)
Body surface area (m2) 2 ± 0.3
Ischemic cardiomyopathy 19 (40%)
Non-ischemic cardiomyopathy 29 (60%)
Previous coronary artery bypass graft surgery 5 (10%)
Previous percutaenous coronary intervention 15 (31%)
Cardiac resynchronization therapy 7 (15%)
Co-morbidities




Right anterior minithoracotomy approach 48 (100%)
Mitral annuloplasty ring size (mm, mean ± SD) 29 ± 2
Concomitant tricuspid valve repair 7 (15%)
Concomitant MAZE procedure 10 (21%)
Echocardiographic variables Preoperative Follow-up p-value
Left ventricular ejection fraction (%, mean ± SD) 27 ± 7 29 ± 11 0.39
Left ventricular end-diastolic volume index
(cc/m2, mean ± SD) 93 ± 28 78 ± 29 0.02
Left ventricular end-systolic volume index (cc/m2, mean ± SD) 66 ± 22 57 ± 26 0.12
Left ventricular sphericity index 1.22 ± 0.2 1.58 ± 0.48 <0.001
Mitral regurgitation grade (mean ± SD) 3.8 ± 0.4 0.5 ± 0.9 <0.001
Mitral valve tenting height (cm, mean ± SD) 1.2 ± 0.4 0.6 ± 0.5 <0.001
Mitral valve tenting area (cm, mean ± SD) 2.8 ± 1 0.8 ± 0.4 <0.001
Mitral leaflet coaptation length (cm, mean ± SD) 0.4 ± 0.5 1 ± 0.1 <0.001
Anterior mitral leaflet tethering angle (degrees, mean ± SD) 42 ± 10 32 ± 7 <0.001
Posterior mitral leaflet tethering angle (degrees, mean ± SD) 52 ± 14 72 ± 21 <0.001
Interpapillary muscle distance (cm, mean ± SD) 2.9 ± 0.7 1.5 ± 0.6 <0.001
Left atrial volume index (cc/m2, mean ± SD) 56 ± 27 46 ± 18 0.06
Tricuspid annular plane systolic excursion (mm, mean ± SD) 18 ± 5 17 ± 4 0.64
Pulmonary artery systolic pressure (mmHg, mean ± SD) 46 ± 13 36 ± 13 <0.001
Follow-up outcomes
30-day mortality 2 (%)
2.5-year actuarial survival 86%
conclusion:  A papillary muscle sling combined with an annuloplasty repair for FMR improves LV remodeling and mitral valve geometry in 
the early post-operative period. Longer term follow-up is needed to assess durability.
